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Executive summary

Study purpose

This studywill provide the reader with an appreciation of thkativegreenhouse ga§&HG) intensity
of liquefied petroleum gad.PG) and competing energy sources in G stationary energy market
in Australia

The study forms the GHG assessmenmponent ofa strategic piecéor LPG Australia.lt seeks to
provide some insights into th@osition of LPG relative to primary competitors in each market, and
position the LPG agenda within the climate change debate and potential community dividends from
increased LPG use.

The GHG impacts of LPG use the LPG stationary energy marketere assesed. The assessment
was conducted across the primary sectors of LPGnaseely

theresidential sectafincluding hot water, cooking and heating
materialshandling (forklifts)

remotepower and distributed generation

manufacturingand agriculturéprocess heat)

> > > >

Additional GHG assessments of other key energy sources were condithtedhese sectorgn order
to determinghe carbon competitiveness of LPG.

Assessment methodology

The GHG assessment of the different market applications and energy sawasgerformed on afé
cycle basis using th&imaPro life cycleanalysistool (SimaPro7.2). The assessment included
consideration of both upstream and downstream inputs for each dpplicditereby enabling
assessment of the carbon intensity on a full life cycle basis.

Summary of key study findings

A LPG represents a carbon competitive solution in all of diagionary energynarket sectors,
offering significant GHG savings when compareithveonventionally fuelled or electric powered
systems.

A When considered on a GHG basis, naturaldgivers lower GHG emissions that LPG sourced
from refinery operations but this advantage declines markedly for LPG sourced from natural gas
processingWhile renewable alternatives exist imetresidential hot water sectitrey generally
require some fossil fuels as supplementary ppwed natural gas remains the lowest GHG
intensive option for this.
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A Natural gas possesses a GHG emissions advantage over LPG at both the productiorused end
stage of its life cyclevhereLPG is extracted from refinery production

A It should be noted, however that the vast majority of LPG used in the stationary eneyggi.sect
around 90%) is sourced from natural gas processing which has a lower carbon intensity than LPG
sourced from refinery operation&RG from natural gas redusthe GHG benefit held by natural
gas at the upstream stage by approximately 13Uhstaritlly increasing the carbon
competitiveness of LP@sed for stationary energy application@umstralia
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1 Introduction

Following the completion in late 2010 of a strategic roadmap for the use of LPG in the automotive
sector,Rare Consulting has been commissioned B¢ Australa to providestrategic guidance on the
positioning of LPG andts use instationaryenergymarkets in Australia

This paperis the GHG assessment componenttivht study and will provide the reader with
information on the relative GHG intensities of LPG and other energy sources used in key markets in
Australia. Itwill provide some ingghts into the position of LPG relative to primary competitors in
each market, and position the LPG agenda within the climate change debate and potential community
dividends from increased LPG use.

The GHG impacts of LPG use in tHePG stationary energgnarketwere assessedhe assessment
was conducted across the primary sectors of LPGhaseely

theresidential sectofincluding hot water, cooking and heatjng
materialshandling (forklifts)

remotepower and distributed generation
manufacturingandagriculture (process heat)

> > > >

Additional GHG assessments of other key energy sources were conducted within these sectors in order
to determine the carbon competitiveness of LPG.

GHG assessments were conducted on a life cycle basis, considering thensnmdssiogboth the
production and combustion stages of the energy sourcé&ensegy consumption data was obtained
througha literature review process that provided an insight into the relative energy demands of each
fuel source when used in the same aggpion. This data then providethe basis for a life cycle
assessment and comparison process, predatlyineonducted using thdife cycle analysistool
(SimaPro7.2)and the associated Australidatabase.

For each sector, the total life cycle emissions of each energy s@uine@ applied in a relevant
scenari® were compared in order to provide an insight into the GHG emissions of LPG relative to its
competitors.
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2 Study architecture

2.1 Study objectives

The principal objectiveof this studywereto provide the reader witin insight into:

A thelife cycle GHG emissions of all energy sources used in key LPG market applications
A the relative position of LPG when compared with competing energy sources

As there was no universal application and energy consumption figure for the rah§& afises
considered, the primary aim of the study was to provide a relative analysis that would allow for the
positioning of LPG into the future.

2.2 Study methodology

The study involvedhreekey stages:

A determination of key energy sources used in the relevant application for each sector (e.g.
electricity, natural gas and LPG foooking in the residential sectpr)

A estimation of energy required from each source inrotdeprovide the same outcome in the
relevant applicatiolvia literature review)

A assessment of the GHG emissions arising during the production and combustion of each energy
source as required in the considered application

Following completion ofthe above stages, a comparison of lifeecycle GHG emissions within the
sectoral application was made with key insights derived.

2.2.1 Key assumptions antife cycleassessmenboundaries

The determination of upstream emissions for each source of energy was conducted using SimaPro 7.2,
which contains carbon intensity data on the production of fuels and electricity in Australia.
Combustion emissions were determined using the AustralfaA factorsworkbook (DCC 2010)

which providesan emissions factor pgigajouleof energy combusted.

All energy sources were assumed to be representative of the Australian averagastoak&ined in
the SimaPro databasthe following key assumptionsere made with regard to upstream emissions
estimates for the different feedstock energy sources.

A ELECTRICITIectricity consumption was modelled as an average supply, composed of a range of
coal, gas and renewable sources as per the Australian gisldele
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A DIESELWUpstreanemissions for diesel were derived from the 2006 Australian average crude blend
composed of 31.6% domestic crude blended with 68.4% imported crude RABERSRG6)
Emissions from crude oil exploration and extraction were based aomesigfor the 2006
production year presented by the Australian Petroleum Production & Exploration Association to
the Greenhouse Challenge Plus program (APPEA 2007).

A LPG As per diesel, LPG upstream emissions were sourced from APPEA PBG/ production
was based on Australian production figures of 3929 LPG from natural gas, and 14WIL
from refineries (ABARE 2010)

A NATURAL GAd.ike other fossil fuels, the SimaPro model derived estimates of the average
emissions arising from natural gas exploration antdexa ct i on i n Australia
aggregated emissions data for sites submitted by APPEA members (APPEA 2007).

A FUEL OlFueloil was assumed to be sourced from Australian average crude oil feedstocks, being
a domestic and imported oil blend. Refigiemissions were based on APPEA (2007) refinery
emission reports.

Boundaries of thdife cycle GHG assessments were the same for all energy sources, commencing at
the exploration and extraction stages of the product and concluding at the point of use. GHG emissions
associated with development of infrastructure or end of life of products were msil@@d by the
assessment.

Carbon networks displaying inputs and GHG emissions by input as well as total are displayed in
Appendix A. Note that any input contributing less than approximately 2% to the total GHG footprint
will not be displayed.
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Compared with electric hot water systerh®G hot water systems deliver a GHG saving in the
vicinity of 60%

It should be noted thahe GHG benefit of each technology differs depending on the climate of the
surrounding region. For instance, heat pump systems are considered relatively inefficient in cooler
climates, and resistive (boost) modes can be activedgn#icantly greater portion of time, reducing

the quantum of GHG benefitcited above In addition, the gas or electric boost required for solar
systems will depend on the region and level of solar exposure.

Neverthelesszone 3 households represaibse to the energy requirement for Aait (Atlantic
Consulting 2011and subsequently the results can be considered broadly represeaithtughnot
necessarilylefinitive.

3.1.2 Cooking

The majority of the Australian household stovetop cooking etdaskheld by electric cooktops, which
account for 56% of all household cooktops. Natural gas makes up the majority of the remginder
residential cooking appliancasith LPG cooktopsomprisingless than 8% of the total (ABS 2008).

The above three ergr sources were considered in determining their relative GHG emissions when
used in a residential cooking application. Figure 3.2 provides a comparative assessment of the GHG
emissions footprint of differing cooktops in the Australian market under a sedutaoking scenario

i i.e. bringing one litre of water to the boil from a base temperature °@f, 20 process requiring
0.335MJ of heat.
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As shown above, when compared with electric cooktmes the full life cyclethosecooktopsfuelled
by LPG produce between 45% and 65% less GHG emissions. Under the same application, a cooktop
fuelled by natural gas would produce 15% less GHG emissions than its LPG equivalent.

3.1.3 Heating

Electricity isthe most common energy source used in space heating for Australian homes, contributing
34.7% to all household heatingvhile LPG heating makes up just 2.4%md natural gas 29%
(ABS 2008).

There are a number of methods by which electricity and fuels atkins space heating application,
each with a different level of efficiency and GHG emissions. §thdy consideed the annualGHG
emissons of a range of convection heaters, as well as other key market playbessactor such as
ducted and reversgyde dectric heating system&(ergetics 2007).

Figure 3.3 display the results of the assessment, providing GHG emissidkitograms CO,-e per
annum.It can also be seen that LPG heating systems produce around a quarter of the GHG emissions
when compared with electric equivalents over the full life cycle. This is with the exceptieveofe

cycle electric systems, which produce 17% more GHG emisdiwens LPG when used in the same
application.
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3.2 Materials handling (forklifts)

The materials handling marketakes up approximately 14% df BPG consumption in Australiand

is divided into a number dfypes ofvehicle however the study focsed on the GHG emissions
associated with forklifts. There are three primary energy sources in the foratifetrin Australia:
LPG, dieseland more recently electricity, which were all consideredin the study. Compressed
natural gas machinery is emergitgt it is very much in the early stages of development and does not
hold a significant market share.

The study considered the GHG emissions of forklifts powered by LPG, dieseleaiicity based on

the VDI 2198 test cycle and the associated energy requirements (Jungheinrich #ialyvas
sourced from manufacturer specifications ,aalthough actual performance may vary, it was deemed
that the relative requirements would not i@ Owing to the significant impact that charge speed can
have on overall efficiency, the study considered the emissions footprint of electric forklifts charged via
a slow charge (95% efficiency) and fast charge (72% efficiency).

The GHG analysis resultge provided in Figure 3.Zhe study results indicate that over the full life
cycle LPG forklifts producei31% less GHG emissions than conventional diesel fuelled alternatives.
Electric forklifts provide a 1815% benefit over their LPG equivalenisit only when charged slowly.
Under a fast charge application, electric forklifts would produdel3% more GHG emissions than
their LPG equivalents. It is expected that an
by the available machinery and evptional requirements, and it is subsequently not possible to
determine a universal electric forklift emissions footprint.
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3.3 Remote power and distributed generation

Remote and emergency power generatiakeup less than 1% of LPG consumption in the Australian
market. Remote power systems in Australia are primarily used in domestic applications where
connection to the national grid is not possible. In addition, minorgmunities may require remote

power systems in order to power ancillary equipment, and standby generators may be used in order to
protect from grid supply interruptions.

The GHG footprint of remote power systems was assessed as a component of thdastudlygas,

LPG and diesel for remote electricity generation were considaretithe study modelled both E@/
standby and 10KW gensets and their associated GHG emissions. The energy use per hour of
operation was based on manufacturer specificatidmsnwoperating at 1500 rpm to provide H@

output at 100% loadenergetics 2007).

The results of the GHG analysiglicate that when compared with diesel alternatives, LPG for remote
power generation presents the opportunity to reduce GHG emissioi9%ydver the full life cycle
(Figure 3.5)Natural gas offers approximately 9% lower GHG emissions; howivpractice the fuel
may not be readily available as a direct substitution for LPG or diesel.

120

100 —

&0 -

Pointof use

m Production

kg CO2e per hour ope ration
=

20 —s
== wm W H B
Mz ural Gas LPG Diesel  MWaural Gas LPG Diesel
S0kw S0kwe S0kwe 100kw 100k w 100kw
Standby Standby Standbwy Genset Genset Genset
Figure 3.5

Remote power GHG emissions



GHG LIFE CYCLE ASSMEBNT OF LPG IN TAESTRALIAN STATIONARNERGY MARKET

3.4 Manufacturing and agriculture (process heat)

Combined, the manufacturing and agriculture sectors constitute approximately 39% of LPG demand in
Australia. The majority of this LPG demand is in heat generation for a number of applications,
although the eneygdemand for each application varies significan@wing to this variation, the

study considered a universal process heat generation application within the manufacturing (e.g.
incineration, drying, kilns) and agricultural (e.g. drying, space heatingjrsect

Because othe varying nature of machinery and specific heat applications, it was only possible to
conduct a relative analysis. The study therefore considbesdnergy requirements and efficienaiés
different fuels in producing heat i{Ergetics 207). The results indicate the relative GHG emissions
per unit of heat generatgéigure 3.6) When used in an industrial proces®at application LPG
provides an opportunity to reduce GHG emissions by up to 30% when compared with conventional
fuel oil powvered burners. Natural gas offers a 15% lower carbon footprint when compared with LPG,
and a 40% lower footprint when compared with fuel oil.
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4 Natural gas versus LPG production

The results in Section 3 consistently suggest that natural gas possesses a strong GHG advantage over
LPG. This advantage {gredominantlyexplained by an examination of the emissions that occur at the
point of combustionAlthoughboth products share sirail energy efficiencies when applied, as per the

NGA factors natural gas produces 51.8&0,-e/MJ while LPG produces 59§ CO,-e/MJ, close to

17% more.

However, natural gas also holds a GHG advantage in the production stage, as discussed below.

4.1 Currentand projected upstream emissions footprint

In Australia today, natural gas releases 21% lower GHG emissions in its production when compared
with LPG. This advantage arises primarily due to the current levels of LPG produced from refineries,

an extaction process that is close to double the GHG intensity of LPG production from natural gas, at

0.364 kg CG-e/lkg LPG produced versus 0.186 &§»,-e/kg.

However, as shown in Figure 4.1, forecasts suggests that LPG extracted from natisréikghsto

increase by approximately 408wer the next ten years, while LPG from refineries is projected to
decline by close t60% (LPGA 2008).
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Projected LPG sources to 2020

10



GHG LIFE CYCLE ASSMEBNT OF LPG IN TAESTRALIAN STATIONARNERGY MARKET

The net result of the above projection ileduced GHG intensity for LPG products in the Australian
market. The study has calculated that on a per gigajoule basis, LPG upstream emissions are likely to
fall from 8.82kg CO.-e (21% higher than natural gas) to RPCO.-e (8.5% higher than natural ga

As natural gas is the only fossil fuel that is GHG competitive with LPG, the above is likely to place
LPG in a better position in the future under a carbon constrained economy.

11
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5 GHG comparison atationary energyuels

The fuel and energy consumption assessments presented in Section 3 were used to derive the
following key insights with regard to the positionld?G in stationary energynarket uses.

A LPG assisted solar hot water represents ¢lsersd most GHG positive option of the nine options
assessed, being 88% less GHG intensive than electric storage systems. LPG storage systems
represent an opportunity to reduce GHG emissions by 59% when comytreslectric storage
systems.

A When used focooking, LPG is second only to natural gas as the most carbon competitive option.
LPG cookers are approximately 65% less GHG intensive than conventional electric options.

A Residential heating fuelled by LPG represents the second least GHG intensive bhiersig
assessed. LPG heating systems provide the opportunity to reduce GHG emissions by 69% when
compared with similar electric systems, or 23% when compared reitbrsecycle electric
heating systems.

A When usedn a materiad handling application, LP@uelled forklifts provide an opportunity to
reduce GHG emissions by 4% when compared with diesel equivalents. Electric forklifts may
present a 15% GHG emissions saving compared with LPG, or a 12% GHG emissions penalty if
charged rapidly.

A LPG fuelled rema power systems are 6% less GHG intensive when compared with diesel
equivalents.

A For the generation of process heat in the manufacturing and agriculture sectopplli&s an
opportunity to reduce GHG emissions by 29% when compared with fuel oil.

12
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6

Summary of key findings

Analysis of the assessments conducted by the study gives rsentonber of keyobservations
regarding the position of LPG stationary energgnarkets in Australia.

A

LPG represents a carbon competitive solution in all ofdag¢ionary energy market sectors,
offering significant GHG savings when compared with conventionally fuelled or electric powered
systems.

When considered on a GHG basis, naturaldgivers lowerGHG emissions that LPG sourced
from refinery operations but this advantage declines markedly for LPG sourced from natural gas
processingWhile renewable alternatives exist in the residential hot water sector they generally
require some fossil fuels as flpmentary power, and natural gas remains the lowest GHG
intensive option for this.

Natural gas possesses a GHG emissions advantage over LPG at both the productiorused end
stage of its life cyclevhereLPG s extracted from refinery production

It shoud be noted, however that the vast majority of LPG used in the stationary energy sector (i.e.
around 90%) is sourced from natural gas processing which has a lower carbon intensity than LPG
sourced from refinery operation&RG from natural gas redusthe GHG benefit held by natural

gas at the upstream stage by approximately 13Uhstantially increasing the carbon
competitiveness of LP@sed for stationary energy applications in Australia

13
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Appendix A

SimaPro outputs foindividual
fuel assessments (life cycle basis)

14
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Residential hot water

Solarelectric

15

CARBONNTENSITY NETWORK@EPRO 7.2
A IPCC analysis method (100 year)

A kg C@e/annum

Prepared for:  LPG Australia

Prepared by:  Rare Consulting Pty Ltdpr 2011
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Residential hot water

Solar natural gas
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CARBONNTENSITY NETWORKASPRO 7.2
A IPCC analysis method (100 year)

A kg C@e/annum

Prepared for:  LPG Australia

Prepared by:  Rare Consulting Pty Ltdpr 2011
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Residential hot water
Solar LPG
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CARBONNTENSITY NETWOHKMAPRO 7)2
A IPCC analysis method (100 year)

A kg C@e/annum

Prepared for:  LPG Australia

Prepared by:  Rare Consulting Pty Ltdpr 2011
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Residential hot water

Electric storage
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CARBONNTENSITY NETWORKI(EPRO 7.2
A IPCC analysis method (100 year)

A kg C@e/annum

Prepared for:  LPG Australia

Prepared by:  Rare Consulting Pty Ltdpr 2011
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Residential hot water

Natural gas storage
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CARBONNTENSITY NETWORKIEPRO 7.2
A IPCC analysis method (100 year)

A kgCQ-e/annum

Prepared for:  LPG Australia

Prepared by:  Rare Consulting Pty Ltdpr 2011
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Residential hot water

LPG storage

20

CARBONNTENSITY NETWORKASPRO 7.2
A IPCC analysis method (100 year)

A kg C@-e/annum

Prepared for:  LPG Australia

Preparecby: Rare Consulting Pty Ltdpr 2011
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Residential hot water

Heat pump (Australian average grid)
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CARBONNTENSITY NETWORKASPRO 7.2
A IPCC analysis method (100 year)

A kg C@-e/annum

Prepared for:  LPG Australia

Prepared by:  Rare Consulting Ptytd, Apr 2011
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Residential cooking

Ceramic induction
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CARBONNTENSITY NETWORKI(EPRO 7.2
A IPCC analysis method (100 year)

A kg CQe/litre water boiled

Prepared for:  LPG Australia

Prepared by:  Rare Consulting Pty Ltdpr 2011
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Residential cooking

Electric
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CARBONNTENSITY NETWORK@EPRO 7.2
A IPCC analysis method (100 year)
A kgCQ-e/litre water boiled

Prepared for:  LPG Australia

Prepared by:  Rare Consulting Pty Ltdpr 2011
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Residential cooking

Natural gas
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CARBONNTENSITY NETWORK@EPRO 7.2
A IPCC analysis method (100 year)

A kg CQe/litre water boiled

Prepared for:  LPG Australia

Prepared by:  Rare Consulting Pty Ltdpr 2011
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Residential cooking
LPG
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CARBONNTENSITY NETWORKEPRO 7.2
A IPCC analysis method (100 year)

A kg CQe/litre water boiled

Prepared for:  LPG Australia

Prepared by:  Rare Consulting Piytd, Apr 2011
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Residential heating

Convection, fuel oil
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CARBONNTENSITY NETWORK@EPRO 7.2
A IPCC analysis method (100 year)

A kg C@e/annum

Prepared for:  LPG Australia

Prepared by:  Rare Consulting Pty Ltdpr 2011
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Residential heating

Convection, natural gas
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CARBONNTENSITY NETWORK@EPRO 7.2
A IPCC analysis method (100 year)

A kg C@e/annum

Prepared for:  LPG Australia

Prepared by:  Rare Consulting Pty Ltdpr 2011
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Residential heating

Convection, LPG

28

CARBONNTENSITY NETWORK@EPRO 7.2
A IPCC analysis meth¢t00 year)

A kg C@e/annum

Prepared for:  LPG Australia

Prepared by:  Rare Consulting Pty Ltdpr 2011
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Residential heating

Convection, electric

29

CARBONNTENSITY NETWORK@EPRO 7.2
A IPCC analysis method (1@€ar)

A kg C@e/annum

Prepared for:  LPG Australia

Prepared by:  Rare Consulting Pty Ltdpr 2011
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Residential heating

Reversecycle, electric
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CARBONNTENSITY NETWORK@EPRO 7.2
A IPCC analysis method (100 year)

A kg C@e/annum

Prepared for:  LPGAustralia

Prepared by:  Rare Consulting Pty Ltdpr 2011
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Materials handling

Forklift, electric (trickle charge)
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CARBONNTENSITY NETWORK@EPRO 7.2
A IPCC analysis method (100 year)

A kg CQ@e/hour operation

Prepared for:  LPG Australia

Preparecby: Rare Consulting Pty Ltdpr 2011
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Materials handling

Forklift, electric (fast charge)
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CARBONNTENSITY NETWORK@EPRO 7.2
A IPCC analysis method (100 year)

A kg CQ@e/hour operation

Prepared for:  LPG Australia

Prepared by:  Rare Consulting Piytd, Apr 2011
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Materials handling
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